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TABLE 3—CHECK ANALYSIS TOLERANCES— 
Continued 

Elements Limit or specified range 
(percent) 

Tolerance 
over the 

maximum 
limit or under 
the minimum 

limit 

Over 0.040 to 0.020 incl .. 0 .010 
Sulphur .............. To .40 incl ........................ 0 .005 
Silicon ................ To 1.00, incl ..................... 0 .05 
Nickel ................. Over 5.00 to 10.00, incl ... 0 .10 

Over 10.00 to 20.00, incl 0 .15 
Chromium .......... Over 15.00 to 20.00, incl 0 .20 

1 Rephosphorized steels not subject to check analysis for 
phosphorus. 

(2) Outer jacket. (i) Nonflammable 
cryogenic liquids. Cylinders intended 
for use in the transportation of non-
flammable cryogenic liquid must have 
an outer jacket made of steel or alu-
minum. 

(ii) Flammable cryogenic liquids. 
Cylinders intended for use in the trans-
portation of flammable cryogenic liq-
uid must have an outer jacket made of 
steel. 

(p) Markings. (1) Markings must be 
stamped plainly and permanently on 
shoulder or top head of jacket or on a 
permanently attached plate or head 
protective ring. 

(2) The letters ‘‘ST’’, followed by the 
design service temperature (for exam-
ple, ST–423F), must be marked on cyl-
inders having a design service tempera-
ture of colder than minus 320 °F only. 
Location to be just below the DOT 
mark. 

(3) The maximum weight of contents, 
in pounds (for example, ‘‘Max. Content 
51 #’’), must be marked on cylinders 
having a design service temperature 
colder than minus 320 °F only. Loca-
tion to be near symbol. 

(4) Special orientation instructions 
must be marked on the cylinder (for 
example, THIS END UP), if the cyl-
inder is used in an orientation other 
than vertical with openings at the top 

of the cylinder. 
(5) If the jacket of the cylinder is 

constructed of aluminum, the letters 

‘‘AL’’ must be marked after the service 

pressure marking. Example: DOT-4L150 

AL. 
(6) Except for serial number and jack-

et material designation, each marking 

prescribed in this paragraph (p) must 

be duplicated on each cylinder by any 

suitable means. 

(q) Inspector’s report. In addition to 
the information required by § 178.35, the 
inspector’s reports must contain infor-
mation on: 

(1) The jacket material and insula-
tion type; 

(2) The design service temperature 

(°F); and 
(3) The impact test results, on a lot 

basis. 

[Amdt. 178–114, 61 FR 25942, May 23, 1996, as 

amended at 66 FR 45386–45388, Aug. 28, 2001; 67 

FR 51653, Aug. 8, 2002; 68 FR 75748, Dec. 31, 

2003] 

§ 178.58 Specification 4DA welded steel 
cylinders for aircraft use. 

(a) Type, size, and service pressure. A 
DOT 4DA is a welded steel sphere (two 
seamless hemispheres) or a circum-
ferentially welded cylinder (two seam-
less drawn shells) with a water capac-
ity not over 100 pounds and a service 
pressure of at least 500 but not over 900 
psig. 

(b) Steel. Open-hearth or electric steel 
of uniform quality must be used. A 
heat of steel made under table 1 in this 
paragraph (b), check chemical analysis 
of which is slightly out of the specified 
range, is acceptable, if satisfactory in 
all other respects, provided the toler-
ances shown in table 2 in this para-

graph (b) are not exceeded except as ap-

proved by the Associate Administrator. 

The following chemical analyses are 

authorized: 

TABLE 1—AUTHORIZED MATERIALS 

4130 Percent 

Carbon ........................................................ 0.28/0.33. 
Manganese ................................................. 0.40/0.60. 
Phosphorus ................................................ 0.040 max. 
Sulfur .......................................................... 0.040 max. 
Silicon ......................................................... 0.15/0.35. 
Chromium ................................................... 0.80/1.10. 
Molybdenum ............................................... 0.15/0.25. 

TABLE 2—CHECK ANALYSIS TOLERANCES 

Element Limit or maximum 
specified (percent) 

Tolerance (per-
cent) over the 

maximum limit or 
under the min-

imum limit 

Under 
min-
imum 
limit 

Over 
max-
imum 
limit 

Carbon ............ Over 0.15 to 0.40 incl .03 ....... .04 
Manganese ..... To 0.60 incl ................. .03 ....... .03 
Phosphorus1 ... All ranges .................... .............. .01 

VerDate Mar<15>2010 13:34 Jan 02, 2014 Jkt 229220 PO 00000 Frm 00074 Fmt 8010 Sfmt 8010 Y:\SGML\229220.XXX 229220eh
ie

rs
 o

n 
D

S
K

2V
P

T
V

N
1P

R
O

D
 w

ith
 C

F
R



65 

Pipeline and Hazardous Materials Safety Administration, DOT § 178.58 

TABLE 2—CHECK ANALYSIS TOLERANCES— 
Continued 

Element Limit or maximum 
specified (percent) 

Tolerance (per-
cent) over the 

maximum limit or 
under the min-

imum limit 

Under 
min-
imum 
limit 

Over 
max-
imum 
limit 

Sulphur ........... All ranges .................... .............. .01 
Silicon ............. To 0.30 incl ................. .02 ....... .03 

Over 0.30 to 1.00 incl .05 ....... .05 
Chromium ....... To 0.90 incl ................. .03 ....... .03 

Over 0.90 to 2.10 incl .05 ....... .05 
Molybdenum ... To 0.20 incl ................. .01 ....... .01 

Over 0.20 to 0.40, incl .02 ....... .02 

1 Rephosphorized steels not subject to check analysis for 
phosphorus. 

(c) Identification of material. Materials 

must be identified by any suitable 

method except that plates and billets 

for hot-drawn containers must be 

marked with the heat number. 

(d) Manufacture. Cylinders must be 

manufactured in accordance with the 

following requirements: 

(1) By best appliances and methods. 

No defect is acceptable that is likely to 

weaken the finished container appre-

ciably. A reasonably smooth and uni-

form surface finish is required. No ab-

rupt change in wall thickness is per-

mitted. Welding procedures and opera-

tors must be qualified in accordance 

with CGA Pamphlet C–3 (IBR, see 

§ 171.7 of this subchapter). 

(2) All seams of the sphere or cyl-

inders must be fusion welded. Seams 

must be of the butt or joggle butt type 

and means must be provided for accom-

plishing complete penetration of the 

joint. 

(e) Welding. Attachments to the con-

tainer are authorized by fusion welding 

provided that such attachments are 

made of weldable steel, the carbon con-

tent of which may not exceed 0.25 per-

cent except in the case of 4130 steel. 

(f) Wall thickness. The minimum wall 

thickness must be such that the wall 

stress at the minimum specified test 

pressure may not exceed 67 percent of 

the minimum tensile strength of the 

steel as determined from the physical 

and burst tests required and may not 

be over 70,000 p.s.i. For any diameter 

container, the minimum wall thickness 

is 0.040 inch. Calculations must be 

made by the formulas in (f)(1) or (f)(2) 

of this section: 

(1) Calculation for a sphere must be 

made by the following formula: 

S = PD / 4tE 

Where: 

S = wall stress in pounds psi; 

P = test pressure prescribed for water jacket 

test, i.e., at least 2 times service pres-

sure, in psig; 

D = outside diameter in inches; 

t = minimum wall thickness in inches; 

E = 0.85 (provides 85 percent weld efficiency 

factor which must be applied in the girth 

weld area and heat affected zones which 

zone must extend a distance of 6 times 

wall thickness from center line of weld); 

E = 1.0 (for all other areas). 

(2) Calculation for a cylinder must be 

made by the following formula: 

S = [P(1.3D 2 + 0.4d 2)] / (D 2 ¥ d 2) 

Where: 

S = wall stress in pounds psi; 

P = test pressure prescribed for water jacket 

test, i.e., at least 2 times service pres-

sure, in psig; 

D = outside diameter in inches; 

d = inside diameter in inches. 

(g) Heat treatment. The completed 

containers must be uniformly and 

properly heat-treated prior to tests. 

Heat-treatment of containers of the au-

thorized analysis must be as follows: 

(1) All containers must be quenched 

by oil, or other suitable medium except 

as provided in paragraph (g)(4) of this 

section. 

(2) The steel temperature on quench-

ing must be that recommended for the 

steel analysis, but may not exceed 1,750 

°F. 

(3) The steel must be tempered at the 

temperature most suitable for the 

analysis except that in no case shall 

the tempering temperature be less than 

1,000 °F. 

(4) The steel may be normalized at a 

temperature of 1,650 °F instead of being 

quenched, and containers so normal-

ized need not be tempered. 

(5) All cylinders, if water quenched or 

quenched with a liquid producing a 

cooling rate in excess of 80 percent of 

the cooling rate of water, must be in-

spected by the magnetic particle or dye 

penetrant method to detect the pres-

ence of quenching cracks. Any cylinder 
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found to have a quench crack must be 

rejected and may not be requalified. 

(h) Openings in container. Openings in 

the container must comply with the 

following requirements: 

(1) Each opening in the container 

must be provided with a fitting, boss, 

or pad of weldable steel securely at-

tached to the container by fusion weld-

ing. 

(2) Attachments to a fitting, boss, or 

pad must be adequate to prevent leak-

age. Threads must comply with the fol-

lowing: 

(i) Threads must be clean cut, even, 

without checks, and tapped to gauge. 

(ii) Taper threads to be of length not 

less than as specified for American 

Standard taper pipe threads. 

(iii) Straight threads, having at least 

4 engaged threads, to have tight fit and 

calculated shear strength at least 10 

times the test pressure of the con-

tainer; gaskets required, adequate to 

prevent leakage. 

(i) Hydrostatic test. Each cylinder 

must successfully withstand a hydro-

static test as follows: 

(1) The test must be by water-jacket, 

or other suitable method, operated so 

as to obtain accurate data. The pres-

sure gauge must permit reading to an 

accuracy of 1 percent. The expansion 

gauge must permit reading of total ex-

pansion to accuracy either of 1 percent 

or 0.1 cubic centimeter. 

(2) Pressure must be maintained for 

at least 30 seconds and sufficiently 

longer to ensure complete expansion. 

Any internal pressure applied after 

heat-treatment and previous to the of-

ficial test may not exceed 90 percent of 

the test pressure. If, due to failure of 

the test apparatus, the test pressure 

cannot be maintained, the test may be 

repeated at a pressure increased by 10 

percent or 100 psig, whichever is the 

lower. 

(3) Permanent volumetric expansion 

may not exceed 10 percent of total vol-

umetric expansion at test pressure. 

(4) Each container must be tested to 

at least 2 times service pressure. 

(j) Burst test. One container taken at 

random out of 200 or less must be 

hydrostatically tested to destruction. 

The rupture pressure must be included 

as part of the inspector’s report. 

(k) Flattening test. Spheres and cyl-

inders must be subjected to a flat-

tening test as follows: 

(1) Flattening test for spheres. One 

sphere taken at random out of each lot 

of 200 or less must be subjected to a 

flattening test as follows: 

(i) The test must be performed after 

the hydrostatic test. 

(ii) The test must be at the weld be-

tween the parallel steel plates on a 

press with a welded seam, at right an-

gles to the plates. Any projecting ap-

purtenances may be cut off (by me-

chanical means only) prior to crushing. 

(2) Flattening test for cylinders. One 

cylinder taken at random out of each 

lot of 200 or less, must be subjected to 

a flattening test as follows: 

(i) The test must be performed after 

the hydrostatic test. 

(ii) The test cylinder must be placed 

between wedge-shaped knife edges hav-

ing a 60° angle, rounded to a 1⁄2-inch ra-

dius. 

(l) Radiographic inspection. Radio-

graphic examinations is required on all 

welded joints which are subjected to in-

ternal pressure, except that at the dis-

cretion of the disinterested inspector, 

openings less than 25 percent of the 

sphere diameter need not be subjected 

to radiographic inspection. Evidence of 

any defects likely to seriously weaken 

the container must be cause for rejec-

tion. 

(m) Physical test and specimens for 

spheres and cylinders. Spheres and cyl-

inders must be subjected to a physical 

test as follows: 

(1) A physical test for a sphere is re-

quired on 2 specimens cut from a flat 

representative sample plate of the 

same heat taken at random from the 

steel used to produce the sphere. This 

flat steel from which the 2 specimens 

are to be cut must receive the same 

heat-treatment as the spheres them-

selves. Sample plates to be taken for 

each lot of 200 or less spheres. 

(2) Specimens for spheres have a 

gauge length of 2 inches with a width 

not over 11⁄2 inches, or a gauge length 

at least 24 times thickness with a 

width not over 6 times thickness is au-

thorized when wall of sphere is not 

over 3⁄16 inch thick. 
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(3) A physical test for cylinders is re-

quired on 2 specimens cut from 1 cyl-

inder taken at random out of each lot 

of 200 or less. 

(4) Specimens for cylinder must con-

form to the following: 

(i) A gauge length of 8 inches with a 

width not over 11⁄2 inches, a gauge 

length of 2 inches with a width not 

over 11⁄2 inches, a gauge length at least 

24 times thickness with a width not 

over 6 times thickness is authorized 

when a cylinder wall is not over 3⁄16 

inch thick. 

(ii) The specimen, exclusive of grip 

ends, may not be flattened. Grip ends 

may be flattened to within 1 inch of 

each end of the reduced section. 

(iii) Heating of a specimen for any 

purpose is not authorized. 

(5) The yield strength in tension 

must be the stress corresponding to a 

permanent strain of 0.2 percent of the 

gauge length. The following conditions 

apply: 

(i) The yield strength must be deter-

mined by either the ‘‘offset’’ method or 

the ‘‘extension under load’’ method as 

prescribed in ASTM E 8 (IBR, see § 171.7 

of this subchapter). 

(ii) In using the ‘‘extension under 

load’’ method, the total strain (or ‘‘ex-

tension under load’’) corresponding to 

the stress at which the 0.2 percent per-

manent strain occurs may be deter-

mined with sufficient accuracy by cal-

culating the elastic extension of the 

gauge length under appropriate load 

and adding thereto 0.2 percent of the 

gauge length. Elastic extension cal-

culations must be based on an elastic 

modulus of 30,000,000. In the event of 

controversy, the entire stress-strain 

diagram must be plotted and the yield 

strength determined from the 0.2 per-

cent offset. 

(iii) For the purpose of strain meas-

urement, the initial strain must be set 

while the specimen is under a stress of 

12,000 psi and the strain indicator read-

ing being set at the calculated cor-

responding strain. 

(iv) Cross-head speed of the testing 

machine may not exceed 1⁄8 inch per 

minute during yield strength deter-

mination. 

(n) Acceptable results for physical, flat-
tening, and burst tests. The following are 

acceptable results of the physical, flat-

tening and burst test: 
(1) Elongation must be at least 20 

percent for a 2-inch gauge length or 10 

percent in other cases. 
(2) Flattening is required to 50 per-

cent of the original outside diameter 

without cracking. 
(3) Burst pressure must be at least 3 

times service pressure. 
(o) Rejected containers. Reheat-treat-

ment of rejected cylinders is author-

ized. Subsequent thereto, containers 

must pass all prescribed tests to be ac-

ceptable. Repair of welded seams by 

welding prior to reheat-treatment is 

authorized. 
(p) Marking. Markings on each con-

tainer must be stamped plainly and 

permanently on a permanent attach-

ment or on a metal nameplate perma-

nently secured to the container by 

means other than soft solder. 

[Amdt. 178–114, 61 FR 25942, May 23, 1996, as 

amended at 66 FR 45386, 45388, Aug. 28, 2001; 

67 FR 51654, Aug. 8, 2002; 67 FR 61015, Sept. 27, 

2002; 68 FR 75748, Dec. 31, 2003] 

§ 178.59 Specification 8 steel cylinders 
with porous fillings for acetylene. 

(a) Type and service pressure. A DOT 8 

cylinder is a seamless cylinder with a 

service pressure of 250 psig. The fol-

lowing steel is authorized: 
(1) A longitudinal seam if forge lap 

welded; 
(2) Attachment of heads by welding 

or by brazing by dipping process; or 

(3) A welded circumferential body 

seam if the cylinder has no longitu-

dinal seam. 

(b) Steel. Open-hearth, electric or 

basic oxygen process steel of uniform 

quality must be used. Content percent 

may not exceed the following: Carbon, 

0.25; phosphorus, 0.045; sulphur, 0.050. 

(c) Identification of steel. Materials 

must be identified by any suitable 

method except that plates and billets 

for hot-drawn cylinders must be 

marked with the heat number. 

(d) Manufacture. Cylinders must be 

manufactured using equipment and 

processes adequate to ensure that each 

cylinder produced conforms to the re-

quirements of this subpart. No defect is 

acceptable that is likely to weaken the 

finished cylinder appreciably. A rea-

sonably smooth and uniform surface 
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